MATERIALS AND METHODS

Animals and diets
Male F344 rats were obtained from Taconic Farms (Germantown, N.Y.) at 4 wk of age. The rats were fed Purina Rat Chow until 6-8 wk of age when they were randomized into control and experimental diet groups. Both groups were fed a chemically defined diet (26) based on the AIN-76 diet with the protein replaced by an essential amino acid mixture ( Table 1) . As a control, Met was fed at the level of 0.86% (w/w) of the diet to mimic the sulfur amino acid content in the standard AIN-76 formulation;
in the restricted diet Met was provided at 0.17% (w/w), a level below which the animals could not survive. To compensate for the lower Met, glutamic acid was raised from 2.70% in the control diet to 3.39% in the experimental diet. Animals were housed in a conventional animal facility in groups of five in solid-bottomed cages lined with wood chips. All animals were given free access to food and acidified water and maintained on a 12 h light/dark cycle throughout the study. A separate cohort consisting of 16 animals per diet group was used to assess life span characteristics, and survival was measured by assessing mortality daily.
Tissue collection and processing
All tissues were routinely collected between 9:00 and 10:00 AM to avoid the confounding effects of circadian fluctuations. From some rats, whole blood samples were collected at 20-25 months of age from the suborbital vein into heparinized tubes. Other animals were killed at either 3-4 months or 29-32 months of age by CO2 exposure after overnight fasting. Before death, blood was obtained by cardiac puncture, and immediately afterward tissues including liver, kidneys, lungs, brain, and spleen were removed and rinsed in ice-cold saline. After collection, blood and tissues were maintained at 0-4#{176}C and processed within an hour, with blood and kidney treated within the first 15 mm after removal. Blood was processed by the addition of 4 volumes of 5% (wfv) metaphosphoric acid (MPA) (Mallinckrodt, Paris, Ky.). After ceotrifugation at 14,000 x g for 2 mm, the acid-soluble fraction was removed and stored at -70#{176}C until analysis. Tissue samples were homogenized (10%, w/v) in 5% MPA, centrifuged, and stored as acid-soluble fractions at -70#{176}C. Unless otherwise stated, total glutathione (GSH and GSSG) was measured by the method of Tietze (29) modified for use with 96-well plates: 50 zl of extract diluted 10-fold in 100 mM NaHPO4/5 mM EDTA buffer at pH 7.5 was added to 50 jsl of glutathione oxidoreductase (5 units/SO sl) and 50 jl of 2.5 mM 5,5'-dithiobis-(2-nitrobenzoic acid) (DTNB). The reaction was initiated by the addition of 50 sl of 1.2 mM NADPH in buffer. The rate of color change at 410 nm, which is proportional to the amount of total glutathione in the samples, was monitored in a Dynatech MR700 ELISA plate reader. On selected samples, both the levels of GSH and GSSG were quantitated using our HPLC with electrochemical detection method (30). All samples were analyzed in duplicate. An aliquot of blood was hemolyzed in distilled H20 and analyzed spectrophotometrically for hemoglobin content using Drabkin's reagent (31). Cysteine and cystine were determined by the method of Gaitonde (32). Briefly, samples were reduced in acidic. medium with 10 mi dithiothreitol and conjugates of ninhydrin were assayed spectrophotometrically at 560 nm.
Statistical analysis
Data are expressed as means ± SEM. Differences between groups were considered significant at P < 0. (Table   3) . Liver, lung, and kidney weights were correspondingly lower in Met-restricted rats and brain size was unchanged. Thus, organ to body weight ratios remained the same for all tissues except brain, where it increased 69% in the Metrestricted group (P = 0.01).
Blood GSH levels of these old animals were increased with Met restriction to 267% of control levels (P < 0.002) ( Table   4 ). In contrast, liver GSH was reduced by more than 50% (P < 0.002) and kidney levels were decreased by 25%
(P < 0.03). No differences were observed in all other tissues examined.
A 41% decrease in cyst(e)ine levels was observed due to Met restriction in plasma (P < 0.04). A decrease of 20% was also observed in whole blood, but the difference was not statistically significant. Liver and kidney cyst(e)ine levels were unchanged in Met-restricted animals. To establish how soon after the introduction of the experimental diet the changes in sulfur amino acid metabolism had occurred, animals were examined 2 months after the start of the diet. Results obtained with these young animals were similar to those observed with the old rats. As presented in TableS, blood GSH levels increased to 175% of controls, and liver and kidney levels were reduced to 51% and 70% of controls, respectively (P < 0.002).
The levels of GSH in other tissues were unchanged except for a 21% decrease in spleen. Thus, the same changes in GSH observed in old animals are evident as early as 8 wk after the start of the diet. In this same period, cysteine concentration was similar in both dietary groups for all tissues except the liver, which was 32% lower in Met-restricted animals ( 
